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(power product) ( )
( )











$a_{r}$ \mbox{\boldmath $\tau$} $g_{1}-g_{2}=a_{1}fi+\cdots+a_{r}f_{r}$ $\circ$

































(I-1) $\mathcal{A}$ $a,$ $b$ $a+b \int$) $A$







idea1$(f_{1}, \ldots, f_{r})$ { $a_{1}f1+a_{2}f_{2}+\ldots+a_{r}f_{r}|a_{1},\ldots,a_{r}$ }
( )
$A$ $\{f1, \ldots, f_{r}\}$ ( $\mathcal{A}=ideal(fi, \ldots, f_{r})$




Gr\"obner $\{G_{1}, \ldots, G_{s}\}$
J
ideal$(f1, \ldots, f_{r})$ $\mathcal{A}$ $g$ $f1,$ $\ldots,$ $f_{r}$
$g$ $f_{i}$ Gr\"obner
$(G- 2),(G- 3)$ (admissible)
(O-1) (power product) J
$kx_{1}^{e_{1}}\cdots x_{n}^{e_{n}}$ $(e_{1}, \ldots, e_{n})$
$(Z_{0}^{+})^{n}$ ( $Z_{0}^{+}$ )
(O-2) $(\leq)$
(O-3) ( $g$ $af_{i}$ )3 $a,b,c$
$a\leq b$ $ac\leq bc$ $a$ $b\neq 1$ $a\leq ab$
$T=x_{1}^{e_{1}}x_{2^{2}}^{e}\cdots x_{n}^{e_{n}}$
$T’=x_{1^{\ovalbox{\tt\small REJECT}}}^{e}x_{2^{\ovalbox{\tt\small REJECT}}}^{e}$ $x_{n^{n}}^{e’}$ $T>T’$ $rightarrow$ $i$ $($





(R-1) $g$ $f$ $M$-
$g$ $T$ $T$ $f$ $H_{f}$ ( ) (
$T’$ $T=H_{f}T’$ ) $g$ $T’f$
$T$
(R-2) $g$ $\{fi, \ldots, f_{r}\}$ $M$-
$g$ $T$ $T$ $H_{f}$ ( )
$g$ M-




) $g$ ( $\{fi,$
$\ldots,$
$f_{r}\}$ ) (
Gr\"obner $g$ (normal form) ) $g$ $\underline{g}$ $($
















(critical pair Church-Rosser Buchberger
)
Gr\"obner
$\Rightarrow$ $\{f1=0, \ldots, f_{r}=0\}arrow Gr\ddot{o}bner$ $\Gamma$
$arrow\Gamma$ $M$- $arrow$ $\Rightarrow$
3. Gr\"obner
Gr\"obner Buchberger
















Buchberger(1987) eik Theorem 2.5.1 (General Properties of Gr\"obner Bases) $T$
Gr\"obner $\mathcal{F},$ $\mathcal{G}$
$GB(\mathcal{F})$ ideal$(\mathcal{F})$ Gr\"obner






ideal$(\mathcal{F})$ $\Leftrightarrow$ Gr\"obner $M$-
( $f\equiv g$ mod ideal$(\mathcal{F})\Leftrightarrow NF(GB(\mathcal{F}),$ $f)=NF(GB(\mathcal{F}),g)$ )
(3) J




$Q[x_{1}, \ldots, x_{n}]/idea1(\mathcal{F})$ $\{NF(GB(\mathcal{F}, f)|f\in Q[x_{1}, \ldots, x_{n}]\}$
$f\oplus g=NF(GB(\mathcal{F}),f+g),$ $f\otimes g=NF(GB(\mathcal{F}), fg)$
(5)
Gr\"obner M- ( 1 )


















$f\in ideal(\mathcal{F})$ such that $f= \sum_{i=1}^{i=r}a_{i}u_{i}$ $\Leftrightarrow\{NF(GB(\mathcal{F}), u_{i})|i=1, \ldots, r\}$
$Q[x_{1}, \ldots, x_{n}]/idea1(\mathcal{F})$ ( $\sum_{i=1}^{i=r}a_{i}NF(GB(\mathcal{F}), u_{i})=$
$0)$
$\{1, x_{1}, x_{1}^{2}, \ldots\}$ $x_{1}$










\mbox{\boldmath $\lambda$}, idea1$(f_{1}, \ldots, f_{r})$ Gr\"obner $GB(\{fi, \ldots, f_{r}\})$ $\{G_{1}, \ldots, G_{s}\}$
$G_{i}$ $f1,$ $\ldots$ , $G_{i}=a_{1,i}f_{i}+\cdots+a_{r,i}f_{r}$
(9-1) Gr\"obner
(9-2) $G_{1}g_{1}+G_{2}g_{2}+\cdots+G_{s}g_{s}=0$
$H$ $H$ $\underline{H}$ $H= \underline{H}+\sum_{*=1}^{i.=s}h_{i}G_{i}$
$(h_{1}, \ldots, h_{s})$
$i<j$ $S_{i,j}=t_{j}G_{i}-t_{*}\cdot G_{j}$ \langle (
$S$- ) $t_{i}$ $G_{i}$ (
) $S_{i,j}$ $r\iota/$ $(h_{i,j,1}, h_{i,j,2}, \ldots, h_{i,j,s})$
(9-2)
$\{()+t_{j}, h_{i,j,j+1}, \ldots, h_{i,j,s})\}_{1\leq i<j\leq s}$







$GB(\mathcal{F})\cap Q[x_{1}, \ldots, x_{i}]$ idea1$(\mathcal{F})\cap Q[x_{1}, \ldots, x_{i}]$ Gr\"obner 0 (
i-th elimenation ideal )
Gr\"obner $GB(\mathcal{F})$ $x_{1}$ $G_{1}(x_{1}),$ $x_{1}$ $x_{2}$ 2
$G_{2}(x_{1}, x_{2}),\ldots,$ $n$ $G_{n}(x_{1},$
$\ldots,$
$x$ $G_{1}$ $\alpha_{1}$
$G(x_{1}, x_{2})$ $x_{1}$ $\alpha_{1}$ $G_{2}(\alpha_{1}, x_{2})$ $\alpha_{2}$ ,...
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